Climate is a major factor in the habitat, food chains, competition, success and survival of species. Contemporary distributions and abundance of marine species and communities reflect adaptation to geologically recent climatic conditions and the impacts of human activities. Warming of the atmosphere and seawater has occurred in association with increasing levels of atmospheric carbon dioxide since the start of the twentieth century. Despite continuing scientific research and wider discussion of the relative roles of anthropogenic greenhouse gas increases and other influences on climate, climate change is occurring. The policy and legal issues have two core components: response to the effects of climate change, and addressing the human activities for which there is reasonable evidence of causation or exacerbation of climate change. For the purpose of this chapter, the focus will be on the response to the effects of climate change, rather than on the issue of anthropogenic causation and exacerbation.
The effects of climate change on marine biodiversity flow from increasing water temperature and absorption of carbon dioxide from the atmosphere with consequential changes in the chemistry of seawater; the strength and direction of ocean currents; and the intensity, frequency and geographic range of extreme weather events. The expected consequences of recent and projected anthropogenic increases in greenhouse gases on climate change are now considered inevitable, with temperatures set to continue to increase. This is because the period over which any stabilization or return to historic levels would occur is expected to be long.
In policy and legal terms, the effects of climate change on marine biodiversity compound and are difficult to separate from the effects caused by anthropogenic impacts such as the overexploitation of fisheries and marine resources; coastal habitat destruction; and operational and catastrophic accidental pollution arising from marine industries, shipping and land and freshwater uses. The combined effects may be linked over substantial distances, within and between jurisdictions, by run-off from land, and by currents transporting larvae, nutrients and food in water columns.
This raises issues that require multisectoral integration of policy and management within jurisdictions, coordination with adjacent and linked jurisdictions and regional and international mechanisms to address areas beyond national jurisdictions. These issues have been matters of concern since the United Nations This list is not exhaustive, but it reflects the social and political challenge of integrating the objectives of competing sectoral approaches and addressing overarching issues such as the predicted effects of climate-related changes and the increasing range of human uses and impacts affecting marine space.
<a>2. CLIMATE CHANGE IMPACTS ON MARINE BIODIVERSITY
Changes in which climate is a major or significant driver include: increasing water temperature; changes in the chemical properties of seawater; sea level rise; increased frequency, severity and range of severe weather events; and increasing thermal and other stresses on species due to all these factors. These changes are discussed in more detail below.
<b>2.1 Increasing Water Temperature
A core consideration in the adaptation of a species or individual to changing climate is the thermal tolerance range of that species, defined by its upper and lower lethal temperature limit, and, within that, the optimal thermal range. Deser et al. (2010) reviewed tropical sea-surface temperature trends for the twentieth century. Their analysis was limited by poor and inconsistent historic sampling and measurement practices. However, they found reasonable concurrence in estimates of 0. species and communities, with the probability of substantial change and significant species loss (Cheung et al. 2009 ).
Typically, the distribution of tropical species reflects a range close to absolute upper level of thermal tolerance. Under increasing temperatures, they are likely to show local extinction in their original habitats and, where possible, movement or invasion through larval transport and settlement to follow the movement of their preferred thermal range to higher latitudes. Some or many species may survive by gradual relocation through range extension or larval settlement in suitable habitats in higher latitude areas that have warmed. This is likely to cause a cascade effect, with such relocation causing competition with and displacement of species for which the temperature range of the invaded location has become too high. At polar latitudes, the pressures on species adapted to extremes of cold environmental conditions are expected to lead to species loss. Cheung et al. (2009) have modelled likely patterns of such changes and predicted significant species extirpation in the equatorial South Asian/Indian Ocean and west Pacific Ocean, with the highest levels in the enclosed Java Sea, but low levels of species invasion in the Asia-Pacific region generally. They did not address the potential implications of climate change on habitat-building species such as corals, so the predicted levels of extirpation may be regarded as conservative.
The immediate policy and legal issues arising from species distribution changes are likely to relate to species of fisheries importance. Cheung et al. In addition to the changes expected to flow from gradually rising mean sea-surface temperatures, relatively short periods of extreme temperature rise can also have major ecological consequences. In 1998/99, substantial areas of the Indo-Pacific experienced a prolonged period of severe high water temperature, which caused widespread coral bleaching. Many days of water temperatures two or more degrees above normal summer maxima stressed corals, which responded by rejecting their symbiotic algae, zooxanthellae. The stress continued for so long that there was widespread coral death, with large areas experiencing more than 95
per cent coral mortality. In many of these areas, there has been recovery of coral cover through recruitment. However, recovery of the structural complexity and requisite habitat for the broad range of species associated with healthy coral reefs is a longer-term prospect.
<b>2.2 Changes in the Chemical Properties of Seawater
Seawater is a complex and dynamic solution of interacting salts and ions that interact The phenomenon of sea level rise is real, but it is occurring amidst tidal cycles and the greater shorter-term variations caused by the El Niño Southern Oscillation (up to 600 mm over periods of months every 5-10 years) and atmospheric pressure (from 700 to 1300 mm over periods of hours to months).
The significance for biodiversity is that the effects of sea-level rise will include inundation of low-lying areas and changes to the availability of habitats for intertidal and sub-tidal plants and animals. In unpopulated and undeveloped areas, the habitats of sub-tidal and intertidal plant and animal communities would follow the gradual landward movement of the tidal band. Elsewhere it can be expected that actions to protect property and infrastructure will restrict this process.
<b>2.4 Increasing Frequency and Intensity of Severe Weather Events
While warming may be a gradual process, the changes it brings are expected to be delivered through weather events including severe destructive cyclonic storms and extremes of temperature, drought and rainfall. Before mean sea level reaches levels predicted in IPCC scenarios, severe storm surge events beyond high water are likely to have more frequent major destructive impacts on beaches, islands, low lying land, urban, industrial, agricultural and communications infrastructure, and on soils that are increasingly flooded with seawater.
<b>2.5 Issues of Scale in Space and Time
The significance of climate change for biodiversity is that animal and plant communities are shaped by severe events. Shallow marine and coastal communities, particularly those in exposed coastal areas, are directly and quite frequently impacted by events such as severe storm waves, extremes of temperature and freshwater dilution or displacement of seawater through flooded river run-off plumes or intense localized rainfall events. Such events cause substantial damage, death or removal of species in an impacted area, but they also provide subsequent opportunities for recruitment or invasion of plants and animals to colonize that affected area.
Initial recovery after such events may involve regeneration of surviving damaged benthic species such as sea grasses and corals; larval recruitment of opportunistic short-lived species different to those that were displaced; and, over time, subsequent succession may lead to different mature communities from those destroyed by the impact event. Connell, Hughes and Wallace (1997) discuss long-term variations observed in 30 years of study of corals on Heron Island Reef and highlight that the mechanisms that influence abundance operate over many scales of space and time, with the consequence that studies on small and large scales are needed to understand them.
The critical factor for future policy and management is the expectation that gradual changes in sea level, seawater temperature and chemistry will be accompanied by an increased frequency of intense events. Recovery intervals for affected biological communities are consequently expected to reduce, favouring resilient, fast growing and opportunistic species. Long-term studies, such as that reported by Connell, Hughes and Wallace (1997) , are rare and this limits current capacity to predict the changes likely to occur in biological communities and their implications.
<a>3. POLICY AND LEGAL IMPLICATIONS OF CLIMATE CHANGE FOR BIODIVERSITY
The effects of climate change will increase the stress on plant and animal communities and the ecological services they provide. These effects compound stresses from human uses such as pollution, habitat loss and damage, and changed environmental flows of freshwater, sand and nutrients.
It is clear from experience of extreme events, such as coral bleaching and severe storm impacts, that the likely effects of climate change will not be uniformly distributed. The life cycles of many of the species on the seabed or in the water column of a specified area may include breeding sites, larval growth areas and migrations outside and often far beyond the boundaries of a specified management area. The economic benefits derived in one place in a catchment may have significant environmental and economic costs at another location lower in the same catchment or in coastal waters where a river reaches the sea.
Areas remote from significant centres of human population or industrial activity, and with intact biological communities and predator prey components, are likely to be less impacted. For other locations, an important issue is resilience: the capacity to survive and return to normal functional efficiency following a departure from preferred range conditions. In part, this reflects the health of the communities and, in part, can reflect connectivity to areas that have been less affected.
Understanding and managing other human uses on a basis of verifiable sustainability, and the identification and protection of suitable areas as reference sites and sanctuaries becomes particularly important in the face of climate change.
Reference sites enable the monitoring and understanding of changes, while sanctuaries provide for mature breeding populations whose offspring can re-populate impacted areas. The maintenance of biodiversity in its broadest sense, and the support of fisheries and other ecosystem services are likely to become an increasingly important issue of food and resource security.
The policy options for managing marine biodiversity relate primarily to achieving a sustainable balance of measures that minimize direct anthropogenic stresses on the capacity of species and communities to survive and adapt in the face of climate change, human uses and impacts, and the on-going natural biophysical dynamics affecting marine ecosystems. This requires an approach to policy and the management of human activities and impacts within the constraints of ecosystem function. A current term for such an approach is 'ecosystem-based management', which is described by the UNEP as:
<quotation>In ecosystem-based management, the associated human population and economic/social systems are seen as integral parts of the ecosystem. Most importantly, ecosystem-based management is concerned with the processes of change within living systems and sustaining the goods and services that healthy ecosystems produce. Ecosystem-based management is therefore designed and executed as an adaptive, learning-based process that applies the principles of the scientific method to the processes of management.
(UNEP 2011, p. 13) </quotation>
The core of the approach is coordination of sectoral management within an institutional arrangement that establishes and addresses mutually sustainable ecological, social and economic objectives and constraints. Within a jurisdiction, this may be addressed by overarching legislation or policy that integrates and binds agencies within an operational framework of explicit objectives. Between jurisdictions, such an arrangement may be addressed through agreement to coordinate policy and operations within a framework of policy objectives (Kenchington and Crawford 1993 Article 194(5) recognized that measures taken to protect and preserve the marine environment should include those necessary to protect and preserve rare or fragile ecosystems, as well as the habitat of depleted, threatened or endangered species and other forms of marine life. A decade later, the 1992 Convention on Biological Diversity (CBD) was negotiated as a conventional international law framework to assist States in arresting the alarming rate of extinction of species and destruction of their habitats (Birnie et al. 2009, pp. 612-613; Grubb et al. 1993, p. 75; Joyner 1995, p. 644) . The provisions of the CBD share similarities with the vision enunciated in the Rio Declaration and Agenda 21, as agreed upon at the United Nations Convention on Environment and Development (UNCED), of integrated and ecosystem-based management of the environment, including of marine areas beyond national jurisdictions (Grubb et al. 1993, pp. 75-76) . The three broad objectives of the CBD, The following section will further examine some global, regional and national legal frameworks and initiatives for the conservation of marine biodiversity to determine how capable they are of recognizing climate change impacts and limiting their adverse effects.
<b>4.1 Global Frameworks
The LOSC established a spatially based framework of jurisdictional rights and responsibilities for the management of living resources and the protection and preservation of the marine environment. Table 3 .1 sets out key provisions of the LOSC relevant to conservation and management of marine living resources and protection and preservation of the marine environment. The CBD provides a set of guiding principles and recommended processes for Contracting Parties establishing national programmes for biodiversity conservation.
Moreover, it highlights the need for in situ conservation of biodiversity, which is defined in Article 2 as 'the conservation of ecosystems and natural habitats and the maintenance and recovery of viable populations of species in their natural surroundings' (Grubb et al. 1993, pp. 82-83; Kimball 1995, p. 765) . These elements can also be applied in any programme implemented collaboratively by States to conserve marine biodiversity across marine boundaries and in marine areas beyond In relation to climate change mitigation and adaptation measures, COP 10 emphasized the need to take into account the effects of such activities on marine biodiversity and the provision of ecosystem services through building on a scientifically credible knowledge base and developing ecosystem and species vulnerability assessments (CBD 2012, X/33 para. 8(v) ). In particular, States were urged to ensure that no climate-related geo-engineering activities, such as ocean fertilization, that may affect biodiversity take place until there is an adequate scientific basis to justify such activities. Further, appropriate consideration of the associated risks to the environment and biodiversity was encouraged (CBD 2012, X/33 para.
8(w)).
In its decisions on marine and coastal biodiversity, COP 10 highlighted the adverse impact of climate change on marine and coastal biodiversity and recognized that the ocean is one of the largest natural reservoirs of carbon, which can significantly affect the rate and scale of global climate change (CBD 2012, X/29 para. 7). COP 10 expressed serious concern that increasing ocean acidification, as a direct consequence of increased carbon dioxide concentration in the atmosphere, reduces the availability of carbonate minerals in seawater, which are important building blocks for marine plants and animals. Therefore, it was recommended that the ecological effects 
<b>4.2 Asia-Pacific Regional Law and Policy Frameworks
To avert some of the worst impacts of climate change and to mitigate its detrimental effects on the marine and coastal biodiversity of the Asia-Pacific, collaboration among the countries of the region, extra-regional partners and global and regional organizations is needed at many levels. Some of this cooperation is already occurring.
However, extension and innovative development will be required to reverse some of the adverse impacts of climate change on the environmental and economic security of the region. The following section will examine some of the regional initiatives to improve the resilience of marine and coastal biodiversity to climate change impacts. The aim is to build the Pacific countries' resilience to climate change by addressing the three key areas of food production and food security, coastal management, and water resource management. Adaptation projects are being implemented nationally.
Under the project, the Cook Islands, the Federated States of Micronesia, Samoa and Vanuatu are developing their coastal management capacity to adapt to climate change impacts. Climate change risks are being incorporated into relevant governance policies and strategies for achieving coastal development. At the subnational level, pilot demonstration activities are being undertaken in the form of practical experience in the planning and implementation of response measures that reduce vulnerability to climate change impacts. The project will also foster regional collaboration on climate change adaptation. As with the PEMSEA climate change initiatives, the PACC is subject to significant resource and technical capacity constraints. As these regional initiatives evolve, the supplementary guidance on climate change adaptation strategies related to marine and coastal biodiversity being developed at the global level through the CBD and other international organizations should be channelled into pilot activities at the regional level.
<b>4.3 National Law and Policy Frameworks -the Australian Example
The principal legislative authority for conserving marine and coastal biodiversity from threats, including climate change, is found in the 1999 EPBC. However, as climate change has emerged as one of the most prominent threats to marine and coastal biodiversity, more specific policy statements have been generated to define the threat and appropriate policy responses. Australia has attempted to address the causal links between climate change and declines in marine and coastal biodiversity through a hierarchy of high-level policy statements, coupled with the implementation of more concrete action plans. The National Strategy for the Conservation of Australia's Biodiversity (NSCABD), issued in 1996 and reviewed in 2001, is relevant because it set the broad parameters for the protection of Australia's biodiversity (NSCAB 2001, pp. 146-147) . Some of the principles enunciated in the NSCABD relate specifically to the protection of marine and coastal biodiversity from the adverse effects of climate change and underpin the implementation of further action plans. These principles include: <bl> <bt> Biological diversity is best conserved in situ.
<bt> It is vital to anticipate, prevent and attack at source the causes of significant reduction or loss of biodiversity.
<bt> Lack of full knowledge should not be an excuse for postponing action to conserve biodiversity. whether it has contributed to buffering Australia's abundant marine and coastal biodiversity from the worst effects of climate change.
The legal and policy infrastructure for conserving marine biodiversity from the adverse impacts of climate change is steadily growing at the global level, in regional organizations in the Asia-Pacific and through policy development at the national level, as in the Australian example. However, the most daunting challenge lies in effectively implementing the plethora of priority actions recommended to arrest the decline of coastal and marine biodiversity in the face of growing threats from climate change.
<a>5. CONCLUSIONS
The challenges of marine and coastal management are not new, but they are difficult to address in the conventional framework of sectoral competition. The sectoral focus on biodiversity management has been on establishment of marine protected areas (Toropova et al. 2010 ) and the development of an ecosystem-based approach to the management of fisheries (FAO 2008) . Recent attention on the complex policy issues of integration and coordination between sectors and jurisdictions is reflected in a growing number of publications on marine spatial planning and ecosystem approaches to marine management from the coast to the oceans (UNEP 2011; Ehler and Douvere 2009; Kidd et al., 2011; McLeod and Leslie 2009) . Nevertheless, the legal and policy challenges associated with providing reasonably consistent frameworks for biodiversity management across marine areas within and beyond national jurisdiction remain substantial. While some regions have developed biodiversity conservation and management plans across areas within national jurisdiction through their regional sea programmes, gaps in coverage remain, and there is no comprehensive conservation and management system for marine biodiversity beyond national jurisdiction.
On-going efforts to address the impacts of climate change on marine biodiversity will benefit from the development of more integrated legal and policy frameworks for the conservation and management of biodiversity across national boundaries and beyond national jurisdictions. The Biodiversity Beyond Areas of National Jurisdiction process established by the UN General Assembly is likely to be a focal point for legal and policy development supported by scientific and technical advice from the CBD and the global marine science community. The burden of implementation in the Asia-Pacific and other regions will continue to rest with national jurisdictions working collaboratively to address the challenges of conserving
